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studied from many angles and the general features are agreed upon by 
botanists. These investigations have been, in the past, confined 
largely to macroscopic studies of fossil plants and to a study of the 
present distribution of floral elements. Within the last decade, at¬ 
tention has been drawn to the value of microscopic examination of 
peat deposits as an aid to the unravelling of the many problems of 
Pleistocene and post-Pleistocene plant distribution. These studies 
have been widely made in Europe and also to a lesser degree in 
America. The results in Europe have been definite enough to con¬ 
vince the ecologist that this method is one of value in determining the 
succession of plants in a region. 

The present study was begun in the summer of 1929, in Douglas 
Countv in the northwest corner of Wisconsin. This county was 
chosen for the following reasons: (1) It has a post-glacial history that 
can be divided into definite periods, during which plants could have 
lived. These periods were associated with the controversial northern 
end of Glacial Lake Grantsbnrg, glacial lakes Duluth, Algonquin, 
and the Nipissing Great Lakes. (2) These lakes, except for the Nip- 
issing Great Lakes, covered more of Douglas County than does the 
present Lake Superior and it has been possible to secure peat materials 
associated with each of these lakes. (3) There is considerable geologi¬ 
cal and botanical literature at hand dealing with the basic problems 
of geology and botany in Douglas County. 
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Ihiring the investigation an attempt was made to traee or determine 
in Douglas County (I) the vegeta tiona I succession from the earliest 
post-glacial time to tin* present, (2) tin* date of appearance of certain 
plant species by a comparison of peat deposits associated with the 
various lakes, and (M) to compare tin* fossil spectra and the present 
ecological succession on the various soils of Douglas County. 

Methods: The methods used in this studv were essentiallv the 

t t 

same ns used by others engaged in like investigations. The collection 
of materials for study.was accomplished by the list* of a Davis Peat 
Sampler, a Hiller Peat Sampler, or by digging and carefully cutting 
samples of petit out of the walls of the test pits. The three methods of 
securing petit, when checked against one another, gave the same re- 
suits. The first method was found to be the most rapid and the last 
the most reliable. 

The bogs or peat deposits chosen for study were usually less than 
one acre in area. The reason for this choice becomes significant when 
one examines the conditions where peat is now accumulating in water. 
Hog lakes tit the present time that are larger than one or two acres in 
area often present complicated problems of sedimentation, which are 
likely to confuse and destroy the regular deposition of the finely di¬ 
vided sediments. 

peat deposits and the results have been found to be very satisfactory. 
It is also usually possible to dig into the smaller deposits and to ex¬ 
amine in greater detail the materials of the lowest horizons. 

P( 'at samples were secured from two, three, or four borings or test 
pits in tin* deepest part of each bog. Samples of peat were taken at 
various depths and the intervals were determined largely by the depth 
of the deposit. The lowest samples were taken about one inch below 
the contact of peat and the mineral soil. These usually did not con¬ 
tain fossils. Samples were always taken at the contact of the peat and 
mineral soil, ami contained fossils. Other samples were collected at 
intervals varying in distance from one-half inch up to ten inches 
apart. The highest sample was taken from the surface of the bog. 
In this country it has not been the general practice of investigators to 
examine peat from the surface of tin* bog. This is unfortunate, for 
the one possible means of comparing the living Hora and the relative 
abundance of pollen on the bog’s surface with the fossils throughout 
the profile is neglected. Draper (’29) states, “ It should be noted that 
counts from the upper level of any bog are of questionable value be- 
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cause of the chance of oxidation by drainage or by burning.” The 
present study has shown that tlx* upper levels in a bog are reliable 
indicators of the Hora under normal conditions. 

'The petit specimens were preserved in vials containing a solution of 
.'><)% alcohol. This method of storing the peat was found to lx* more 
satisfactory than drying. Petit preserved in alcohol is easily studied 
and tin* microfossils appetir to suffer less destruction in their subse¬ 
quent preparation than when the petit has been previously dried. 

The following schedule was used in preparing the samples for 
microscopic examination. Approximately 10.4 cc (one cubic inch) 
of moist peat was thoroughly broken up in 500 cc of distilled water 
and boiled for three minutes. The mixture was allowed to cool and 
10 cc. of normal solution of sodium hvdroxide was added to it and then 
thoroughly stirred. When the peat was of a fibrous or gritty nature 
it was passed through a one millimeter mesh screen and the residue 
washed several times with the filtrate. At this point enough saffrin 
stain was added to slightly color the fossils. This was determined by 
test slides. The filtrate was then centrifuged and the collected 
material transferred to 40 cc of glycerine jelly and dehydrated in a 
desiccator. Next the mixture was melted by placing the container in 
hot water. The sample was again thoroughly stirred, and with a glass 
rod, enough solution was placed on each of five labelled microscopic 
slides to Hoat a number one cover glass. Each slide, as it received its 
cover glass, was quickly turned over and placed horizontally in a rack 
to cool. 

Examination of the slides was done under a microscope using a 10 X 
ocular and a 10 mm. objective. The slide was controlled with a 
mechanical stage and artificial light was used entirely for illumination. 
Two hundred fossils were counted for each horizon. Usually fifty 
fossils from each of four slides were counted and added to the total 
to bring the count up to two hundred. 

The most satisfactory method of recording the species and abund¬ 
ance of microfossils was found to be with a typewriter. This was set 
up at the side of the microscope and adjusted to record only fifty 

in a row. A convenient code was established with 

With 



s or 





certain letters or figures representing certain 
method of recording the slides of one level can be listed and totaled 
all on one page and can constitute a permanent record for the files. 
Ordinarilv, much eve strain is encountered while making records in 
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writing, Init that is reduced to a minimum with the use of a recorder 
such as a typewriter. 

Unknown fossils have been drawn with the camera lucida and pre¬ 
served for reference and study. Their positions on the slides have 
been encircled with a china-marking pencil to facilitate easy reference. 

In the identification of the microfossils constant reference was 
made to pollens, spores, and trichomes of recently collected plants 
whose parts had been treated with sodium hydroxide and stained in a 
manner similar to the peat fossils. Measurements were made with an 
ocular measuring disk. 

In the tables showing percentages of microfossils in 10 bogs of 
Douglas County, Wisconsin, tlx* depths in inches arc given in italics 
at the tops of the columns. 
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Douglas County comprises approximately I5(M) square miles in the 
northwestern corner of Wisconsin. It lies at the west end of Lake 
Superior and part of the county is within the lowland adjoining the 
lake. The topography is of two distinct kinds and upon this basis 
the county is divided into two geographical provinces, the Lake 
Superior Lowland, and the Lake Superior Upland. The division of 
these is given by Martin (p. 4M 1 , ’M2) sis the highest abandoned beach 
line on the south shore of Lake Superior (Fig. 2). The lowland is 
essentially a plain, sloping gently toward the lake, and trenched by 
streams to a depth of 25 to 100 feet. The upland is rolling and rugged 
with morainic features, pitted out wash plains, and largo areas of 
poorly drained topography on which swamps and bogs have developed. 
The existence of these geographical provinces is due to the presence of 
a graben at the west end of Lake Superior, which depressed the Lppor 


Keweenawan sandstones below the level of adjacent trap rocks 
(Martin, p. 420, 1. c.). This is supposedly of Pre-Cambrian ago and 
was subsequently filled with sediments and then excavated by water 
and ice erosion into its present gen end condition. The soils of the 
lowland are largely clay and silt with a distinctively red color. The 
origin of these is lacustrine and they were deposited in the glacial 
lakes which formed upon the retreat of the ice sheets. The soils of 
the upland arc heterogenous. In the areas of moraines they tire rocky 
and contain a mixture of sand, silt, and claw In the arcus of nut wash 
they are sandy (see soil map, Fig. 1). 
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The complete Pleistocene history of Douglas County is not yet 
clearly understood and entirely agreed upon by geologists; however, 
it is possible to give a general outline of the events, at least during the 
latter part. Although drift earlier than the Third Wisconsin or Cary 
Substage is not known in Douglas County, it seems reasonable to 
conclude that the region was traversed by ice during most of the 
glacial stages. Leverett (Fig. 5, p. 19, ’28) has mapped the drift in 
the southern part of the county as Third Wisconsin Substage (Cary ) 
and that in the central and northern part as Fourth Wisconsin Sub¬ 
stage (Mankato). Upon further investigation these drifts may prove 
to be the Fourth and Fifth Substages respectively. 

After the last Cary Ice had melted back there was evidently a period 
during which glacial lakes formed along the margins of the retreating 
ice front. Of these in northern Wisconsin, Martin (pp. 453-454, ’32) 
makes reference to a so-called “Glacial Lake Rouge” and to a “Gla¬ 
cial Lake Sioux” farther east in the Lake Michigan basin. These two 
lakes are better known as Early Lake Duluth and a stage of Early 
Lake Chicago respectively. The first formed in the same basin oc¬ 
cupied later by Glacial Lake Duluth and according to Martin prob- 
ablv drained bv the same outlet. With the continued retreat of the 

t * 

ice this lake and another, Glacial Lake Milwaukee (Early 
Chicago), in the Lake Michigan Basin coalesced and formed what he 
calls “Glacial Lake Sioux.” Following the formation of “Glacial 
Lake Sioux” there was another advance of the Wisconsin Ice Sheet 
(Mankato), with one lobe entering the state and Douglas County 
from the north while another lobe entered Wisconsin southwest of 
Douglas County, from the northwest. Martin further states that, 



“The interval between the termination of Glacial Lake Sioux and the 
readvance was sufficiently long for the growth of forests.” He refers 
to the forest bed at Two ('reeks, Manitowoc County, Wisconsin, and 
those in the Fox River Valley for this proof (Martin p. 208, I. e.). 

That there was an interval between the two Wisconsin substages 

lakes existed and forests 



in Douglas County during which 
flourished is strongly suggested by two fossil logs collected near 
Solon Springs on the west shore of Lake St. Croix in Government 
Lot No. 4, Section 18, Township 45 North, Range 11 West. These 
logs were buried beneath eight feet of river gravel of which the lower 
part resembles a hard-pan formation. They were discovered by Mr. 
George Sclnmning of Superior, Wisconsin, while drilling a well, but 
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Fig. 1, Soil-belts of Douglas County, Wisconsin, and Locations of investi¬ 
gated Peat-deposits; 2, Forests of Douglas County at time of Glacial Lake 
Duluth; 3, Forests of Douglas County at time of Glacial Lake Algonquin; 4, 
Forests of Douglas County at time of Nipissing Great Lakes; 5, Forests of 
Douglas County in 1897, prior to extensive Lumbering Operations; 6, Forests 
of Douglas County at present time. 
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were not disturbed until examined bv the writer. The gravels were 


deposited in the outlet river of Glacial Lake Duluth or 



of 


the so-called “Glacial Lake Rouge” discussed by Martin. The two 
logs were parallel with one another and pointing in the general direc¬ 
tion of the glacial river channel. The gravel overlying their resting 
place is very coarse and well washed. The hard-pan is of the same 
coarse material, but also lias considerable sand mixed with it and the 
whole mass is cemented together with a ferruginous matrix. In dig¬ 
ging out the logs it was necessary to dig about two feet below them. At 
that depth, masses of red clay typical ot the Superior Ijowland were 
encountered. 

The logs were studied microscopically and found to be a species of 
spruce, possibly Pirea glauca (Moeneh) Voss. They are in an ex¬ 
cellent state of preservation and the growth-rings are easily counted. 
The larger log is six inches in diameter and has fifty-five growth-rings 
present, while the smaller log is approximately five inches in diameter 
and has forty-six growth-rings. These* rings are ot the same size as 
appear in logs of P. glauca today and they also show a reduction in 
width near the surface such as was observed in tin* logs of the Two 
Creeks Forest Bed (Wilson, ’32). 

During the maximum extension of the ice-lobe in the bed ot Lake 
Superior and its gradual recession north of tin* Copper Range in 
Douglas County, there were glacial lakes present along its borders. 
These continued to grow in area and each survived long enough to 
allow the cutting of beaches. 

While the Superior lobe was at its full extent there existed along 
the margin of the ice at the west end of the Lake Superior basin a 
glacial lake known as Glacial Lake St. Ixmis. It did not extend into 
Douglas County but occupied the central part of the St. Louis 
drainage basin in Minnesota. This lake drained down the present 
course of the St. Louis River to Scanlon, Minnesota, and from there 
southward to the Kettle River, thence to the St. Croix and Mississippi 

rivers. 


As the ice front receded slightly there came into existence a small 
lake probably fifty square miles in area, in the upper part of the Ne- 
madjii River basin. The well defined beaches and cuts made into 
morainic ridges indicate that this lake endured a considerable length 

of time. 

On the eastern side of the county there appeared another small 
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lake as the ice receded. This is known as Glacial Lake Brule, and it 
developed in the northern end of the Brule River valley. It covered 
an area of approximately twenty square miles. 

At about this time, or earlier, in tin* valley of the St. Croix River 
there was forming a glacial lake due to an ice advance from the 
Kewatin center. The ice-front advanced across the Mississippi River 
between St. Paul and Clearwater, Minnesota, and reached Grants- 
burg, Wisconsin. This appears to have dammed the Mississippi and 
St. Croix Rivers and resulted in the formation of Glacial Lake 
Grantsburg. The presence of clays within the region further shows 
the existence of a body of glacial water. The extent of Lake Grants¬ 
burg is not agreed upon by geologists. By some, it is thought to have 
extended well into Douglas County (Hansell, ’.30), but by others the 
area of the glacial lake is thought to have been restricted to narrower 

limits in Burnett and Polk Counties. 

With further recession of the ice in the Superior basin the several 

lakes along the south range joined and fell to the common 
level of Glacial Lake Brule. The drainage of these lakes was south 
through the Brule-St. Croix rivers. Upon the formation of this larger 
body of water, Glacial Lake Duluth came into existence. 

The outlet of Glacial Lake Duluth was also bv wav of tin* Brule 

t 

and St. Croix rivers. This lake appears to have lasted a considerable 
period and became very extensive. This is suggested by the deepened 
channel and terraces of the outlet. Another evidence for its long 
duration is the well defined beaches upon its shores. The extent of 
this lake over Douglas County is shown in Figure 2. The lake must 
have stood nearly 700 feet higher than the present level of Lake 
Superior, and according to Hansell (I. c.) there is evidence of an even 
higher level.' 

When the ice in the Lake Superior basin melted away from the sides 
of the Huron Mountains and from the western part of the Upper 
Peninsula of Michigan, Glacial Lake Duluth began to drain into the 
Lake Michigan basin. There was a drop in the water level and 


marc 



gradually there came into existence tin* extensive (Racial Lake Algon¬ 
quin. In the Superior basin the water level then stood about .350 feet 
above the present level of Lake Superior and the Brule-St. Croix 
outlet ceased to function. In Douglas County a new strip of land was 
exposed by this fall of the water level (Flu. .3). The ice in the Great 
Lakes basin continued to recede in a northeast direction and in so 
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doing uncovered lower and lower outlets, which further lowered 
Glacial Lake Algonquin and brought into existence the Xipissing 
Great Lakes (Fig. 4). At the head of the Superior basin this shoreline 
is below the present one of Lake Superior. The Xipissing stage ap¬ 
pears to have existed for a considerable period as is indicated by well 
marked beaches and extensive peat deposits submerged in Lake 
Superior. Martin (p. 4(>d I. e.) in discussing the duration of this lake 
states, “It seems possible that the present stage of Lake Superior has 
not yet existed as long as did tin* Xipissing Great Lakes.” It is also 
true that tlx* Xipissing beaches are broader and higher than those of 
lakes Duluth and Algonquin. 

Lake Superior developed from tin* Xipissing Great Lakes largely 
as the result of the differential uplift of the region. This has resulted 
in the establishment of the St. Lawrence River outlet of the Great 
Lakes and, in Douglas County, the drowning of certain river valleys 
at the head of Lake Superior. Subsequent topographic modification 
in Douglas County has been restricted to the erosion of former lake 
and drift deposits by streams which flow across them and to the filling 
of small lakes with sedimentary materials forming swamps and bog- 
lands such as described above. 


The Present Vegetation 

The floral components of Douglas County are several but the most 
conspicuous is tin* Canadian. This flora in Douglas County is com¬ 
posed of such trees as Pramt Banksiana, B. resinosa, P. Strobus , Piero 
(/laoca, P. mamma. Aloes balsamea. Thuja occidrntalis, Larix laricina , 
Betula papyrijera, B. lutea, (pa rens borealis, and Acer saccharum. It 
be noted that tin* greatest number of these species are gymno- 
sperms. Tin* important shrubs of this flora are heaths and the fol¬ 
lowing are tin* common species: Andromeda ylaucophyllu, Gaylnssacia 
baeeata, Chamaedaphue ealyculata, I aeriniuni pennsylvanicum, Areto- 



staphylos l ra-ursi, 



polifolia, and Ledum 



•urn. 


Other important shrubs are Myriea Gale, M. asplenifolia, Betula 
p unit la, var. (jlandultfera, Corylus amerieana, C. cornuta, Ainas erispa, 
A. ineana, Acer spieatnm, Dirca palustris, several species of Lonicera 
and Sahx, and numerous species in the complex genus BnJms. The 
species of the herbaceous flora are too numerous to list, but it contains 
in abundance such species as Clintonia borealis, Coptis trifolia, Mitella 

nuda, Sarraeema purpurea, Chioyones hispidula and Moneses uni flora. 
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The above .species are present on tlx* uplands or in the bogs and a 
number of them are important in the fossil records of Dougins County. 

The second most important element in the flora of the county is the 
Alleghenian. To this belong such trees and shrubs as Rhus typhina, 
•Juylans cinerea, 11 mus americana, Til in americana, Car pin lift earo- 
liniana, Rrunus virginiana, and several species of Comas. 

The third element is that of the Atlantic Coastal Plain. This ac¬ 


cording to McLaughlin (’32) is associated with the 



(rreat 


Lakes. The important species of this flora are Xyris torta, Ryneho- 
spora eapiteUata, Enucuulon septanyulare, I uccinium maeroearpon, 
and Echinochloa Walteri. 

The fourth member of the Douglas County flora is the prairie 
element. These are species that are all herbaceous and for the most 
part of technical taxonomic groups. They contain many grasses and 
composites as well as some legumes. In Douglas County this flora 
is confined to satxlv soils. 

The most recent floral member is tlx* weed element that has invaded 


the region from Europe. These species an 





levelopcd upon 


cultivated or abandoned soil. Ranunculus acris and Taraxacum 
officinale especially have thrived, often to tlx* extent of completely 


coloring the landscape. 

The present vegetation is quite definitely divided into two belts, 
which to some extent closely follow the soils. The soil map of 
Douglas County (Flo. 1) shows several rather distinct regions, but 
the vegetation in these is generally distributed except in the sand 
plain belt. There is found at the edge of this belt a sharp transition 
and only species able to grow on light acid soils are to Ik* found on tlx* 
sand plain. This belt is locally known as tlx* sand barrens, and the 
name quite graphically portrays the area. Tlx* vegetation upon tlx* 
light sandy soils today is a remnant of a once extensive pine forest, 
and an invading prairie flora. I pon tlx* sand plain many lakelets 
have developed into bog-land and upon these areas, in a few localities, 
are to be found bog-land associations of the same type* as found in 
the other soil belts. 

The sandy loam, silt loam, and red clay belts contain a more varied 
flora than the sand plain, and are more nearly alike in their compo¬ 
nents than one might expect. Rinas Sfrobus, .leer saccharum, and 
Quercus borealis were tlx* dominant trees in the virgin forests. Over 
much of this area at the present time the two most important trees 
are Ropuhis tremnloides and lhiula papyrifera. 
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The condition of the forests in Douglas County near the end of tin* 
nineteenth century according to Iloth (’98) and old residents was such 
that the northern one-third of the county (upon the red clay) was oc¬ 
cupied almost wholly l>y P. Sfrohu.s, the middle one-third was a mixed 
hardwood and pine forest, and the southeastern part, except for that 
occupied by a silt loam in the extreme southeastern corner, was covered 
by P. rctrinoxa , P. liankttiana, and Qucrcntt cllipsoidalis. 

Since that time the forests have been almost completely logged or 
burned over and todav there remain onlv a few isolated areas of 
virgin timber. At the present time, according to Bordner and others 
(p. 18, ’83), 79.5% of Douglas County is covered by forest land in 
various stages of development, 0.7% by bog and open swamp, 1 .4% 
by water, and 1.9% by urban development. 


Those bogs 


Pkat Deposits of Pro-Glacial Lak e-Duluth-Ack 

It is stated above that Glacial Lake Duluth probably stood 700 
feet above the present level of Lake Superior in Douglas County and 
drained bv wav of the Brule and St. Croix rivers. Therefore, the 

4 / y 

depressions located above this level should have come into existence 
with the recession of the ice sheet that controlled the elevation of the 
various glacial lakes in the Lake Superior Basin and they each must 
have developed independently from that early time, 
numbered 1 and 2 in Fig. 2 are above the level of Glacial Lake Duluth 
and therefore represent the earliest depressions in which organic 
sediments could have collected. The existence of Lake Grantsburg 
in Douglas County is now generally discounted and the bogs numbered 
3 to 6 inclusive are also of Pro-Lake-Duluth age. 

It is impossible to state how soon after the formation of the de¬ 
pressions, in which each bog is located, organic sediments appeared, 
but there is evidence that indicates a very early date of deposition. 
Probably the best evidence is that found in bogs Nos. 3 and 4. These 
are formed in a pitted sand plain with ridges between them that indi¬ 
cates by the sharpness of the ridges that little subsequent modification 
has taken place in the topography since its formation. The bogs each 
cover an area of less than one acre and are surrounded on all sides bv 

4 / 

sand. In contrast to the sand walls the foundation of these bogs is 
blue clay, and downward, this gradually grades into Lake Superior 
red clay. Upon the blue clay no sand from the hillside was found. 


though a thorough search was made for it. Instead there is in both 
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bogs a sharp contact of clay and peat. It seems reasonable to ex¬ 
pect that small bodies of water standing so favorably located for the 
drifting or washing of sand from the hillsides would soon have a layer 
of sand over their floors, and tin* absence of this is strong evidence 
that plant life appeared in the ponds almost immediately after they 
were formed. In addition to the above evidence, seeds and rhizomes 
of A ymphozanthux are present in tin* very lowest levels of the moss 
peat. This is highly suggestive that a phanerogam vegetation per¬ 
sisted in the region at the edge of the ice sheet. This genus is to a 
large degree water-dispersed, and in order to reach the bogs at such 
an earlv time, it must have been very near. 

Bog No. I.—Bog No. 1 is located on the west side of State Trunk 
Highway 35, approximately five miles south of Pattison State Park. 
It covers an area of several acres in Sections 7 and IS, Township 4b 
North, K ange 14 West. Three borings were made in this bog, and the 
deepest was J20 inches. The mineral soils beneath the peat were 
found to be a mixture of sand and clay. The depression in which 
the bog is developed is a kettle hole in ground moraine. 

Through most of the profile the peat is of the black woody type, 
but below 85 inches of tin* deepest boring a more decomposed type 
was found. This latter is of the kind usually found in deep water of 
the present northern bog lakes and is definitely of sedimentary origin. 

The living plants of the surface of the bog are predominantly Picea 
mamma, Ledum (/men land icum, Cha-mae daphne eali/culata, and I ~ac- 
eimain upp. These plants cover a loose mat of Sphagnum and Polg- 
Irichum. 

The tree flora of the surrounding upland is largely Pimm Strolnm, 
lirtula papyrifera, and Popiihm frein id aides. The other trees present 
in lesser abundance are Acer rvbrum, Quercus (Hipsoidalm, Aides 
ludsamea, and Pimm reitinosa. The important shrubs are Ahum ineana 
and Sali.v ,sp. The herbaceous vegetation contains such species as 
Curium eanadeimm, Epigaea rrpeim, (iaaltheria procumhnm, Craininear 
xpp., and several species of Axler and Soli dago. The upland vegeta¬ 
tion as a whole is just recovering from the effects of lumbering and 
recent severe burning. No indication was found of recent fire on the 
bog. 


This peat deposit appears to be well above the highest elevation 
reached by the waters of (dacial Lake Duluth during the cutting of 
its well marked beach (Fig. 2) and should, therefore, present a record 
of the flora from the time of recession of tlx* Mankato ice. 
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Bog No. 2.—This bog is located on the north side of County 
I ligh way X, in Section 2(>, Township 45 North, Range Id West. 

It covers an area of approximately one quarter-acre and its maxi¬ 
mum depth is forty-one inches. The mineral soil upon which the 
deposit has developed is a sandy blue clay and the soil of the sur¬ 
rounding area is a heavy sand-loam with many boulders dispersed 
through it. These soils constitute part of the Kerrick Morainic 
System mapped by Leverett (p. 2d, ’2N). The basin in which Bog 
Number 2 has developed is a kettle hole in this moraine. 

The peat below 31 inches appears to be of a truly linmic type while 
above that depth it contains wood and Splutymun which indicates 
that the pond stage had been passed. 

The plants on the bog at the present time are Lon. v la net no (domi¬ 
nant), Piero viariana. Ledum (jroeulaudieum, Cliomoednphue cali/eulata , 
and several species of I deeinium and Core.r. The mat upon which 
tin ;se plants arc growing is composed of N pliotpiurn xp. and Polf/trichuui 
xtnctum. The trees do not form a dense cover, for thev are ; 

t 

proximately fifteen feet apart. 



ap- 


The upland flora is of the hardwood type with Fraxinux peuuxi/l- 
ronieo var. laneeolata, llmux omerieono , and Lilia omerieono domi¬ 
nant. There also occur a few trees of Pious St rob us, and Piero (jlauea 
in the area adjacent to the bog. 

Like the previous deposit this one should also record the vegetation 
from its earliest appearance in the region. 

Boo No. 3.—Bog No. 3 is approximately two miles south of the 
village of Solon Springs in Section 1, Township 44 North, Range 12 
West. 

The area of the deposit is slightly less than one acre. Six test pits 
were dug into it and a detailed cross-section of the deposit was studied. 
The deepest test pit was sixty inches to the contact with blue clay. 
Red lacustrine clav underlies the blue. 

t 

The whole deposit is developed in a saucer-like depression of 
lacustrine clay, the origin of which is not clear, but it appears to ex¬ 
tend under the sand-hills that surround the bog. The depression is 
obviously a glacial kettle and the sand-hills which surround this and 
the other bogs of the vicinity arc features of pitted outwash topog¬ 
raphy. The upland soil is a light cross-bet I fled sand with lenses of 

fine gravel interspersed. 

In the deepest test pit there was found twenty-four inches of bine 
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day overlying red clay of the same lithology. Overlying the blue clay 
in sharp contrast a thirteen inch layer of Drepanocladus and A ymph- 
ozanthus peat was found. This peat is composed of remarkably well 
preserved moss plants and rhizomes and seeds ol A ymphozanthus. 
The sharp contact of the peat and clay, and lack of sand particles 
between the two, have been noted above as suggesting a very early 
colonization of the area by plant life. The mosses, when examined by 
Mr. L. S. Cheney, were found to be Drepanocladus revolvens and I). 

These are aquatic forms which today have an Arctic and 



Canadian distribution. 

Near the top of the brown moss peat there occurred a three inch 
layer of transitional material which contained fragments of Dre- 
pauorladus moss and finely divided limnic sediment. This peat type 
gave way above to a black and somewhat heterogeneous fibrous 
material. The upper stratum was 27 inches thick and in this material 
at a depth of 82 inches from the surface a thin charcoal layer was 
found. This indicates a burning of the bog surface, probably due to a 
forest fire in the region at a very early date in the post-glacial history 
of the region. The black fibrous peat is overlain by a loose mat oi 
Sphagnum moss. It forms a cover that is nearly 17 inches thick over 
most of the bog. At the contact of the Sphagnum mat and the black 
peat, another charcoal layer was found. This layer is the result ol 
fires that severely burned the bog cover and the surrounding upland 

in 1918. 

The bog cover at the present time is almost entirely C hamaedaphnc 
rcdyculata except near the edges where it is replaced to some extent 
by several species of Carex. Buried in the Sphagnum mat are to be 
found many stumps of Picea mariana which were burnt nearly to the 
level of their roots. Around the outer edge of the bog on the south 
side several species of Salvx have become established and have formed 

a dense cover. 

The upland flora has also suffered great destruction from the fire 
of 1918. There was previous to that time a moderate second-growth 
cover of Pinas vesinosa and /\ Banksiana but the iorest fire which 
swept the area has not only almost completely destroyed this cover 

but also has burned off the upper humus layer of the soil. 

Bog No. 4.—The location of this bog is a few hundred yards north 
of Bog Nunber 8, in Section 1, Township 44 North, Range 12 West. 

The area of the bog is slightly more than one-fourth acre and the 




I. >( > 


U I union 


I 


A pan. 


greatest depth found was eighty-one inches. Tin* formation of this 
deposit is identical with that of Bog No. 3. The basin soil is a blue 
lacustrine elav underlain bv red cltiv of the same origin. 

• •/ P 

The peat was found to be in sharp contact with the blue clay and 
no sand was observed as occurring between the two deposits. The 
aquatic moss w Inch makes up the lower peat stratum is Colliergoa 
Informal and is in the same perfect state of preservation as the mosses 
in Bog 3. This I aver in the center of the bog was found to be eighteen 
inches thick and at tin* top to undergo a transition into a black limnic 
peat. The limnic petit also forms a layer which is nearly eighteen 
inches thick, and above that the peaty material is black and fibrous 
in nature. Much wood and moss tissues were found throughout. 



The mat covering the bog is composed of several species of Sphog- 
iiuni and of Polytrichum strictnin. The plants occurring on this mat 
are Chamaeduphne roli/caloto, Lcda hi y rornUtnd ir n-m, and a few sin; 
trees of Picea marianu. 

The upland flora is much more dense than it is around Bog No. 3. 
There are many trees of Pinas resiuoso, P. Banksman, Betulo papg- 
rifera, Papul-ns tremaloides, and a few scattered trees of Aides bo/saniro 
and TV Hit americoao on the hillsides. Tin* shrubs tire Sa/i.v sp., Alans 
inroao, Mi/rico os pie aifolio, and Posit sp. The herbaceous plants are 
Aster sp., Lialris sp., Solidago sp., Babas sp., and Androjiogonfurcatus. 

Boo N o. 5.—On the north side of Countv Hiirhwav N. in Section 21. 


Township 45 North, Range 11 West. 

The area of this deposit is about one-quarter of an acre. Three 
test-pits were studied and the deepest was found to be eighty-four 
inches. The mineral soil underlying the peat is a silty sand. It was 
mixed with considerable organic material to a depth of one inch below 
the contact and was found to contain microfossils in comparative 
abundance. The topography of the area about Bog No. 5 is developed 
in a pitted outwash plain. 

'The lowest forty inches of peat in this deposit appears to be en¬ 
tirely of the limnic type and through a transition layer nearly ten 
inches thick it grades into a woody Sphagnum moss peat, 
latter type is found upward to within eleven inches of the surface in 
the middle of the bog and there the peat is a compacted layer of 
Sphagnum. 

This bo g is oval in shape and there are three zones of vegetation 
eoncentrically arranged on its surface. The center zone is eoverei 


The 







//VCSiCS 



Wilson,—Postglacial History of* Vegetation 



CLAC/AL LAKE. DULUTh \ 

CLAOAL LAKE AtiXWQLW 

MPtSSJNG GQEA T LAKES 

SAND LQAM 

SAND At A/N 

| SAW) LOAM 

Ft CD CLAY 


DA/?< nru» * BAA > BAA r nAAA T1AA *» BAA* BAA A fiAAHA 



[ GLAC/AL LAKE DULUT/1 fLAOAL LAKE At&HQM 

N/PfSSLNG GPEAT LAKES 

| SAND LOAM | SAND PL A/N \ 

SA A/D LOA” 

Ft CD CLAY 



OA3/« 

X 03 TRYA. 

O QU£RCUS 
AACCR 

• r/u a 


Figs. 7 (above;) and S (below), Graphs showing Percentages of Tree-pollen 
in the Douglas County, Wisconsin, Peat-deposits. Percentages computed 
from Trek-pollens only. 
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by a thick mat of Sphagnum app. and Polytrichum atrictum. On this 
there is growing a small clump of Chamacdaphnc calyculata. The zone 
surrounding the Sphagnum is one of Carcx ftp. and contains a number of 
small trees of Pinna Bankaiana , and Populna ironuloidca. The third 
and outer zone is made up of a dominant cover of l{uhux ap. and a 
number of small trees of Populua trcmuloidca. 

The upland flora has suffered greatly from a recent forest fire, but 
no evidence of this fire was found on the bog. The vegetation of the 
surrounding sandy hillsides is meager and is composed largely of 
small trees of Puma Banksiana, P. rcainoaa, and Quercva ellipaoidalia. 
The herbaceous vegetation is largely of a prairie character with Aster 
ap., Solidago sp., and Liatria ap. dominating. 

Hog No. (>.—Hog No. (i is located on the west side of County 
Highway H in Section 13, Township 45 North, Range 10 
lies in a kettle-hole between Murray and Sand Lakes and during 

V n 

normal years it contains a little water over a mat of Carcx peat. In 
1933 this deposit was studied and during that year and tin* succeeding, 
no water stood in the basin of the depression. 

The area of the whole deposit is probably less than one-sixth of an 
acre. The deepest boring was made near the center of the bog, and 
sand was encountered at one hundred and thirtv-five inches below 

t- 

the surface. 

The depression in which Hog Number 0 has developed, as well as 
those in which are located the nearbv lakes, are kettle-holes left bv 

v 1 %7 

ice-blocks in a pitted outwash plain. The upland soils are outwash 
sands and gravels. 

The whole profile of peat in this bog must be considered as limnic 
in origin except possibly for the Carcx tissues which accumulate on 
the surface of the deposit during dry periods. During the last few 
years this has been the only source of building material that has ac¬ 
cumulated in the depression. It is quite possible that in the develop¬ 
ment of this deposit we have now a transition type of peat in the pro¬ 
cess of formation. What may follow is a matter of conjecture based 
upon observations of other profiles in the region. It is quite possible 
that a C arex peat will succeed the peat now forming and as tin* deposit 
matures, this will be succeeded in turn by a Sphagnum and Poly- 
trichuin moss cover. Another trend is also possible if the Carcx peat 
becomes modified by weathering agents. This alternative is the 
invasion of the bog area by deciduous trees and shrubs. 
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The bog cover when studied was composed of a number of species 
of sedges and species of Solulugo and EupatoriuM. Around the bog 
are shrubs of Salix spp., ami Alim# mama. The flora on the surround¬ 
ing upland is a thin second growth iorest chiefly composed of Emits 
rr.rittosa , l\ liavlcsiaua, Quant# rlhpsotdalts, and lirfutu pupi/njrnt. 


Peat Deposits of Pko-Glacial Lake Algonquin Age 

With the uncovering of a lower outlet for the waters held between 
the front of the retreating ice in the Lake Superior Basin and the 
hills which surround the basin, the water level in Lake Duluth dropped 
to that occupied by Lake Algonquin. As a result of this drop in water 
level there was exposed a narrow strip of land upon which vegetation 
could establish itself (Fig. 3). 

The general gradient of the exposed strip of land is comparatively 
steep and consequent drainage has been so vigorous that it has cut 
back into the headland and has perfected the run off to a marked 
degree. This has resulted in the leaving of very few undrained de¬ 
pressions in which organic sediments could accumulate. This fact 
and tin* narrowness of the newly exposed land area are the two 


factors which seem to explain the scarcity of peat deposits which 


began their formation with the establishment of the best known 

level of Lake Algonquin in I 'ouglas County. 

Bog Number 7 is located on the east side of ( ounty 


Bog No. 


Section 


It was formed in an undrained depression on the highest terrace of 

the Brule River. 

The area of the entire deposit is less than one-half acre and the 
deepest test pit was thirty-three inches. At that depth a blue clay 
was encountered. Tin* soils of tin* surrounding area are an I 
contain some river-gravels and large boulders. 

This deposit began its development with the fall of the water in 
Lake Duluth ami the disuse of the highest terrace in the Brule River 
vallev. Whether the cutting of the next lower terrace marked the 


end of Lake Duluth and the beginning of Lake Algonquin is not 
known, but the time interval between the use of the highest terrace 
and the cutting of the next lower must have been considerable, and if 
the assumption that this deposit is of Pro-Algonquin age is incorrect, 
it is at least much younger than those deposits already discussed. It 
is stated above that Lake Duluth drained by way of the Brule and 
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St. Croix rivers and that this stage of the Glacial Great Lakes per¬ 
sisted for a rather long period of time. It is assumed that vegetation 
spread northward very shortly after the region was uncovered by 
the Mankato ice. If that is true the outlet river of Lake Duluth was 
bordered by forests long before Bog Number 7 emerged from the bed 
ol the glacial lake outlet. The distance from the bog-deposit to the 
ancient river-1 tank is less than two hundred yards, therefore it seems 
reasonable to suppose that in tlx* earliest sediments that accumulated 
in the depression will be found microfossils from the vegetation of 
the hillside. The presence of these* will then give the* basal deposit 
nearly tlu* same spectrum as is found at higher levels in other de¬ 
posits not similarly situated. 

In this deposit three layers of charcoal were found. These were at 
17, 12, and 9 inches, respectively, below the surface in the deepest 
test pit. The lowest seven inches of peat is decidedly of an aquatic 
type and above that level the peat contains wood and some moss 
tissues. The top cover is a dry Sphagnum with sedges, Ledum groeu- 
landicum , Chain ad aphne ealyeulata , Alans incana, Betula pumila , 
Salix up., Larix laricina, Abies halsamea , and Pice a mariana. These 
plants form a dense tangle over the bog area. 

The upland flora north of the bog contains many large trees of 
Pimm resinosa, and P. Strohus. Other trees of the area are Papulus 
grandidentata, Betula papj/nfera , (Juereus elh psoidalis, and Pimm 

11 anksiana. 

Bog No. S. —This deposit is located on the east side of County 
Highway K approximately two and one-half miles north of the village 
of Lake Xebagamon in Section Id of Township 47 North, and Range 

11 West. 

According to the map prepared by Hansell (I. c.) this bog is located 
between two islands that existed in Glacial Lake Duluth. The map 
prepared by Leverett (’28) does not show the presence of these islands. 
Instead he indicates that there was a slight invagination in the coast 
line of Lake Dnlnth, and though this does not definitely extend over 
tin* entire area of the bog, the probability of that extension is great. 

The full extent of the bog was not investigated, but it probably 
covers more than forty acres. In the deeper test pit, contact with 
blue clay was found at fifty-four inches below tlx* surface, 
lowest eighteen inches of peat are of limnie origin and above that 
level a black, woody peat is present. 


The 
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'Pile present bog contains little Sphagnum and the mesophytie 
cover suggests that the peat is undergoing surface modification. This 
contains such plants as Osmund a rrgalis, Thuja, occidmtalis , Abies 
balsamra, lietula lute a, Fraxinus penusylranica, var. lanceolata , Alnus 
incana, Nt mopanthus mncronata, Comus stolonifera, and species of 
I tubus, Aster , Solid ago, and (iramineae. 

The upland flora is composed of a young, mixed, second growth 
forest in which Fopulus treatnloidrs, lietula papyrifera, Finns Strobus, 
F. resinosa, Acer saccharutu, (juerrtts e/lipsoidalis, and Primus penn- 
syhanica are important members. 


Peat Deposits of Pro-Nipissing Great Lakes Age 

With the gradual northeastward recession of the ice mass in the 
present Lake Superior basin a continuous drop in the level of Glacial 
Lake Algonquin resulted. Finally an outlet was established via the 
Ottawa River and the water fell to the level known as the Nipissing 
Great Lakes. At the west end of the Lake Superior basin this level 
was below that of tin* present lake, and part of this area has since 
been submerged as the result of differential uplift in the region of 
Lake Superior. Lpon the newly exposed area forests soon became 
established. This is indicated by the presence of buried peat-beds 
near the Apostle Islands, Bayfield County, Wisconsin (Wilson, ’35) 
and ofl Minnesota and Wisconsin Points at the west end of Lake 


Superior. The age of the peats is considered to be the i 



as the 

One Outlet Stage of the Nipissing Great Lakes. An examination of 
peat from the Apostle Islands Region shows that is was formed in as¬ 
sociation with a complex flora ami the material that was recovered 
for study did not include basal strata containing the usual pioneer 
flora of Picea. 

The belt of Pro-Lake Nipissing land at present exposed above 
Lake Superior probably ranges from twelve to thirty miles wide 
(Fig. 4). This land area has a gentle slope toward the lake and may 
be justly described as a lake-plain. Lpon the plain in a few undrained 
irregularities peat soils have accumulated. Two of these deposits 
have been examined in detail. 

Bog No. 9.—This deposit is located on the west side of 58th Street 
and Hammond Avenue in South Superior. It is in Section 2 of 
Township 48 North and Range 14 West. The area of Bog Number 9 
is about one acre in extent. 
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The basin in which the peat has accumulated is an undrained ir¬ 
regularity in the lake-plain. The origin of the depression may be a 
meander-channel of the Nemadjii River that was abandoned very 
earlv. 
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Three test-pits were studied and the deepest was found to contain 
twenty-eight inches of peat. The peat was found to be in contact 
with blue clay, and the lower six inches appear to be limnic in origin. 
The peat above that level is distinctly of a woody type which contains 
much Sphagnum moss tissues. 
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This bog is fast being destroyed by burning and civic improvements, 
but when studied in 1933 it was covered by a dry Sphagnum mat 
upon which a few small trees of 1 Hera mariana grew and in addition 
the following heaths were abundant: Ledum grondandicum, Cham- 
aedaphne ealyeulata , and \ accinium Viiis-Idea, var. minor. The oc¬ 
currence of the last species is of special interest because at the present 
time this is one of the two known stations for it in Wisconsin. It is 
more abundant on the north shore of Lake Superior. The persistence 
of this subarctic plant on Bog Number 9 is an argument for the bog’s 
continuous development from early Lake Nipissing time. 

The upland vegetation is a sparse second growth cover of Alnus 
incana, lictula papyrifera, Abies balsamea, Salix sp., Linus Strobus 
a n d Populus t remuliodes . 

Bog No. 10.—Bog No. 10 is located on the west side of a township 
road that reaches the mouth of the Brule River from 1. S. Highway 
13. The bog is in Section 10 of Township 49 North, and Range 10 



Like the preceding deposit this one is in an undrained depression 


of the lake-plain. The area of tilt 


■ < 



is not more than live 


hundred square feet and its maximum depth is only six inches. Be¬ 
low the peat the soil is a heavy pink clay. 

When the peat materials were collected there was some doubt con¬ 
cerning the possible use of this deposit, but upon examination the 
same type of spectrum as found in other deposits was recognizable 
though much compressed. No oxidation of the peat was found. Tin* 
nature of the peat varies considerably through tin* shallow profiles. 
The surface peat is composed of a loose mat of Sphagnum moss; 
below this and to a depth of two and one-half inches the peat is fibrous 
and somewhat woody; the next underlying peat-type is completely 
homogeneous and extends downward to tlx* five-inch level, where the 
peat becomes a mixture of mineral and organic sediment one inc 
thick. 

The flora of the hogand surrounding area is such as is found growing 
on clay soils in the Lake Superior Region. The dominant trees are 
Abies balsamea, Vice a mariana, lictula papyrifera, and Populus 
trcmuloides. Tlx* dominant shrub is Alnus incana. The herbaceous 


Hora is composed of Cornus canadensis, 



borealis, A ralia 


nudicaidis, several species of Aster, Pet a sites sp., Lycopodium annot- 
inum, and L. obscurnm. 
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Com fa k ati v k Studies of Fossil Spectra i.\ North western 

Wisconsin 

II is generally conceded that under normal sedimentation and peat 
development a profile study of the microfossils in a hog deposit will 
give an accurate record of the preservable organic succession. That 
thi s record begins with the immediate formation of the basin in which 
sediments may accumulate is not reasonable to expect, but that the 
record began very early after the basins were formed in Douglas 
County, Wisconsin, is strongly suggested by the evidence already 
discussed. The bogs which present this evidence are among the 
oldest in the region and it may be logically assumed that the younger 
bogs likewise record the earliest sediments containing microfossils 
in their respective areas since it has been shown that vegetation was 
in the region during Pro-Lake Duluth time. An examination of tlx* 


lowest peat horizon always reveals a predominance of fossil Picvtt 
pollen. The species of this genus arc considered to be pioneers and 
their appearance in Douglas County in the basal levels of all peat 


deposits also indicates the perfection of the fossil record. 

The dating of the various peat levels must necessarily be somewhat 
hypothetical until more information is accumulated, but we can at 
present state definitely the age of the surface layer and with some 
certainty the basal levels. The dating of the other levels cannot be 
made by determining a rate of peat development, as is done by 
Sears and Janson (’3M), and using that as a measurement of time. 
This is evident when one compares the depth of contemporaneous 


deposits (Fhl 7). There are many variables that determine peat 
development and each bog appears to have its own particular rate of 
building. The use of specific fossil percentage-curves to arrive at 
oven an approximate comparison in bogs of different ages was found 
unsatisfactory in Douglas County. Even the rate of peat develop¬ 
ment in a single deposit cannot lx* considered to have been uniform 
from its earliest formation. It is reasonable to expeet that as a peal 
deposit matures its rate of formation will be accelerated, because in 
its early stages the organic sediments are usually much more modified 
bv bacteria and, as the lake-basin with its bodv of water matures, the 

i' ' ft7 

organic sediments become coarser and consequently tlx* sedimenta¬ 
tion is more rapid. For this reason it is impossible even to compare 
the various contemporaneous sections. The similarity of certain 
percentage-curves is significant and these appear to be tlx* best means 
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of age-comparison within short distances. However, this is a suc- 
cessional comparison and does not specify a definite date. As stated 
above, the greatest difficulty in correlation appears when bogs of 
different ages are compared and unfortunately this is the comparison 
of most value in determining the vegetational history of the region. 
The unsatisfactory attempts to use the rates of sedimentation and 
fossil spectra as geological time markers leaves only one method of 
estimating a division of the postglacial time occupied by the lakes 
in the Lake Superior Basin. This is a comparison of the shore work 
accomplished by each of these hikes. According to Martin (page 46.3 
I. e.) “it seems possible that the present stage of Lake Superior has 


not existed as long as did the Nipissing Great Lakes.” His evidence 

for this statement is the amount of shorework left bv this lake 

« 

stage. The beaches are higher and broader than the preceding two 
lake stages anil upon comparison of these and also those of Lake 
Superior it seems reasonable to conclude that Glacial Lake Nipissing 
time may be placet! approximately half way back to the uncovering 
of the region from ice. Also, upon a somewhat arbitrary basis, the 
remaining previous time has been divided one half into that occupied 
bv Glacial Lake Duluth until it fell to the level of Glacial Lake 
Algonquin, and one half into the time occupied by this latter lake 
until it in turn dropped to the Nipissing Great Lakes stage. This 
division is, admittedly, open to some criticism but it does have some 
supporting evidence and until a better subdivision of postglacial time 
in Douglas County is suggested this appears to be the best available. 

If an examination is made of the fossil spectra from the surface of 
tin* bogs in Douglas County and then compared with the map of the 
present vegetation (Fig. 6) a marked similarity is evident. This 
close correlation between the fossil spectra and map of the present 
vegetation is a very good demonstration of the value of the paleoeco- 
logical technique in determining plant distribution. 

Pursuing further the suggestion of the above correlation between 
the microfossils and plant distribution, an attempt was made to 
determine the type of forests and their distribution at the time of the 
various glacial lake stages. An examination of the lowest levels in the 
depressions, which were in existence during Glacial Lake Duluth time 
indicates that throughout the county, spruce ( Piccu ) forests were 
dominant. Upon the lighter soils of the county (Fig. 1) an additional 
tree was important with spruce. This was jack pine (Pinuft linnksi- 
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ana). A vegetation map such as that shown in Pig. 2 is suggested by 
the spectra from the hasal levels of the sediments contemporaneous 

with Glacial Lake Duluth. 

A iletailed examination of the lowest sample of peat taken from Bog 
No. I shows that among the microfossils present, two interesting plant 
species occur. These arc internal leaf triehomes of Nymphaeaceae, 
and spores of Lycopodium inundatum. It is probable that these plants 
were distributed almost entirelv bv water and to make such distrihu- 

4 / 4 / 

tion possible they must have been present in tbe region very early. 
It is quite certain that this bog was never connected with Lake 
Duluth, at least not during the period when the well marked beach 
was cut at the 1280 foot elevation. It Inis been shown bv Leverett 

4/ 

and Sardeson (’32) that tin* last advance of the glacial front in the 
region of Lake Superior was not a, complete cover of ice over the area 
and that part of northern Minnesota was free, as well as most of 
northern Wisconsin. That plants were in existence on this uncovered 
drift (Substage 3 of Leverett) during the advance of the 
suggested by the fossil logs found at, Solon Springs, Douglas County, 
Wisconsin, as already described. 

' 4/ 

McLaughlin (1. c.) has suggested that Lycopodium inundatum and 
certain species with Atlantic Coastal Palin affinity in northwestern 
Wisconsin are associated in their distribution with the Glacial Great 
Lakes. He further suggests that this distribution was an invasion 
from the Atlantic Coast and Gulf of Mexico during the recession of 
the last ice sheets and the existence of certain glacial lakes. Tilt* 
presence of the fossils of L. inundatum in the lowest levels of Bog No. 
1 shows that it was one of the first plants in the region, ft seems 
possible that this plant, as well as others, remained alive within the 
region during advance of the Mankato Ice. As this ice sheet melted 
the only source from which plants could enter very early upon the 
newly deposited soils would be from the north, west, or south and the 
earliest means of dispersal of seeds or spores by water would begin in 
the western end of Lake Superior and progress eastward with the 
melting of the ice in the lake bed. ft seems more probable that L. 
inundatum and Nymphaeaceae sp. arrived at the location of Bog No. I 
from the west during the time of Lake Nemadjii or at a brief period 
of Lake Duluth, rather than over a soil barrier from the south. 


The other fossil components of the basal sample of peat are Pintm 
18%, Piero 72%, Gramineae 3* {, Bctula 1.5%, Qnercus 1%, Acer 
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1.5%, and Compositae 1.5%. This fossil flora is the most varied of 
any basal deposit examined in Douglas County and it is interesting 
to note that it is not only one of the oldest deposits in the county but 
it is also the farthest west and was consequently closest to the source 
of early plant dispersal if that center was located as is noted above. 

A compilation of the recognizable fossil species from the basal 
levels of peat in bogs of Pro-Glacial Lake Duluth origin suggests the 
following flora for Douglas County at that time. 


Species 

Sphagnum sp. 

DrEPANOCLADUS KKYOI.VK.\S 

D. Wilsoxi. 

CaLLIERGON TK1FAR1UM. . . 

Lycopodium inundatum. 

Pinus Strobus. 

P. RESINOSA. 


Boos 

4 

•> 

#) 

3 

4 
1 

1,6 

1,6 


P. Banksiana. 1,4, 0 

Picea glauca.1, 2, 3, 4, 5, 0 


Species 

1*. MARIANA. 

Abies balsamea. .. 

Cramineae sp. 

Betula sp. 

Quercus sp. 

N YMPHAEACEAE SP.. 

Acer sp. 

Compositae sp. 


Bogs 
1, 2, :i, 4, 5, (> 


• • • 


• > 
•> 

1 

I, 6 

1 

1,3 

1 

1,2 


Additional species, which occur as fossils slightly above the basal 


level, are as follows: 
Species 

Lycopodium clava n\u 
Salix sp.. . 


Bogs 

I 

4 


Species 

Alnus sp. 

Ericaceae sp 


Bogs 

I 

1 


Reference to kit;. < shows that at this period Picea forests domin¬ 
ated the county and on the sandy areas Pinus early attained import¬ 
ance. Fig. 2 shows a generalized map of this vegetation. 

A compilation of the fossils in the basal levels of tlx* two bogs of 

Pro-Glacial Lake Algonquin origin 

their immediate areas: 


suggests the following flora in 


Species 

Pinus Strobus. .. 

P. RESINOSA. 

P. Banksiana. . . . 
Picea glauca. . . 


B< ><;> 


/ 

/ 

/ 

7, S 


Speci es 

P. MARIANA. 

Betula sp. . 
Alnus sp.. . 


Bo< 


i r* 


♦ • ♦ ♦ • 


7,8 


/ 

7 


The formation of these two bogs has been discussed above, and it 
was pointed out that Bog No. 7 is located upon the highest terrace of 
the Brule River. W hen the basin of the bog formed, it was very close 
to an area that was already covered by forests which had passed the 
pioneer stage of succession. Consequently, the basal level in Bog No. 
7 will include fossils from the adjacent highland as well as the fossils 
from plants which grew upon the terrace. Bog No. 8 might also 
present conditions similar to those of Bog No. 7 since it was close to 
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Rhodora 


Arum 


an area exposed when the Mankato lee disappeared. However, an 
examination of the pollen spectrum of this bog shows that Vimi 
forest tilone fringed tlx* shore of Lake Duluth and that this Hora 
remained unchanged while at least four inches of peat was formed in 

Hog No. 8. 

Seven inches above the contact of mineral soil and petit were found 
a few microspores of SHuffine Ha itrlatjlnouh's. The number of spores 
of this species increased from 2% of tlx* spectrum tit this level (-47 
inches) to 4.5% at 4.4 inches, ami to 14% at the 49 inch level. It is 
interesting to note that today this species is found in Wisconsin only 
on tlx* Door County Peninsula in Lake Michigan, and that the nearest 
known stations for it in tlx* Lake Superior region tire on Isle Koval, 
and at Grand Marais, Minnesota, ami more than one hundred miles 
northeast of Bog No. 8. 

The suggestion made by the percentage of Vicca in the basal de¬ 
posit of Hog No. 8, and tlx* predominance of these fossils at the same 
position in Hog No. 7, appears sufficient to indicate that upon the 
soils newly exposed by the fall of water level, the pioneer vegetation 
near Lake Duluth moved north and established itself. This should 
be further shown when peat deposits in the western part of the county 
are discovered and studied. 

In order to determine the Horn in the remainder of the countv at 
Pro-Glacial Lake Algonquin time, it is necessary to establish a level 
in each bog that will be comparable in time to this hike. The diffi¬ 
culty involved in this procedure has already been discussed ami prob¬ 
ably tlx* best method at present is to consider that one-half of the 
peat in the Pro-Glacial Lake Duluth bogs has been deposited since 
early Nipissing time, one-fourth more during Algonquin time, and the 
additional one-fourth since Duluth time. A comparison of the basal 
spectrum of Hog No. 7 and earlier bogs might be made as a means of 
determining the comparable level, but local conditions make this 
determination difficult. The following comparison has been made 
and the plants listed below represent tlx* fossil flora in tlx* county at 
Pro-Glacial Lake Algonquin time. Species appearing between tlx* 
Algonquin level and up to that of the Nipissing are included in the 
list. 
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Species 

Sphagnum sp.1, 2, 3, 4, 

POLYPODIACEAE SP. 

Lycopodium annotinum . . . 

L. clavatum. 

Selaginella selaginoides. 


PlNlTS StROBUS. .1,2, 
P. RE8INOSA. 1,2, 

P. Banksiana.1, 

PlCEA GLAUCA. ...1,2, 
P. MARIANA. 1,2, 


L 4, 5, 
4, 5, 
4, 5, 
4, 5, 

1 , 4, 5, 


Abies balsamea. ... 1,2, 3, 5, 

( iRAMINEAE SP. 


Bogs 

5, 7,8 
7,8 
1,7,8 

1,3,7 

8 

0, 7, 8 
0, 7, 8 
(5, 7, 8 
G, 7, 8 
G, 7, 8 
1 

G, 7,8 
1, G, 8 


Species 


Bogs 


Cyperackae sp. 

Salix sp.1, 2, 3, 4, 

Betula sp . 1 , 2, 3, 4, 5, 6 , 

Alnus sp.1, 2, 3, 4, 5, G, 

(Juercus sp .1, 2, 3, 4, G, 

Q. ellipsoid aus (trichome). . 

X Y M PH A EAOEA ESP. 

Acer sp .1, 2, 5, 

Ericaceae sp. 1, 

Chamaedaphne calyculata 
(trichome).... 


8 

5.8 

7.8 
7,8 
7,8 

6 

1 

G, 8 
3,4 

1 


( ’ompositae sp. . .1,2, 3, 4, 5, G, 7, 8 


It will be noted that a distinction has been made in considering the 

fossils of Finns Strobns and F. resinosa in the southeastern part of the 

county. These two species cannot ordinarily be safely distinguished 

as fossils. However, thev are distinct within certain limits when 

« 

fresh material is studied. In the southeastern part of Douglas County 
there appeared such an unusual abundance of forms characteristic of 
F. re.rino.rn that this separation was made. It was also possible to do 
this in Bogs I and 2, but instead, /’. Sfrobus is the dominating species. 

A comparison of the graphs shown in Figs. 7 and 8 seems to indi¬ 
cate that very early in the yegetational history of the county the 

V %f P C 

Pice a forests gave way to forests of Finns. On the sandy loam soils 
in the regions of Bogs 1 and 2 this succession was accomplished by 
Firms Strobns, while on the light sandy soils in the southeastern part 
of the county it was first F. Banksiana and then P. resinosa. If one- 

t 

fourth of the distance from the bottom in the first six bogs is com¬ 
parable to Glacial Lake Algonquin time, then the vegetation of the 
county can be mapped as shown in Fig. 3. 

It will be noted that the abundance of Quercns becomes significant 
between the one-fourth and the one-half levels from the bottom of the 
first six bogs. Though this percentage is small in comparison with 
that of the conifers, the importance of a small rise is significant because 
Quercns and other hardwoods produce comparatively less pollen per 
tree than the conifers. 

With the fall in the water level of Glacial Lake Algonquin and the 
beginning of sediment-accumulation in the basins of Bogs 9 and 10, a 
record of the Nipissing vegetation was begun. As at the beginning 
of the two previous lake stages, the pioneer forests upon the newly 
exposed soils were composed of Picea. These forests appear to have 
moved north from the area they formerly occupied on the soils ex- 




















170 


Uhodora 


IApkil 


posed by the hill in the water level from the Lake Duluth stage to 
that of the Lake Algonquin stage. The Nipissing forests also moved 
out upon that part of the Nipissing plain now covered by Lake 
Superior. This is shown by tlx* presence of submerged and buried 
peat beds in Lake Superior. 

The fossils in the basal levels in Bogs 9 and 10 indicate that the 

4 

following plant species were members of the first Nipissing flora. 


Species Boos 

Sphagnum si>. 9 

Lycopodium annotinum. . . 10 

L. clavatum. 9,10 

PlNUS StROBUS. 10 

P. REST NORA. U) 


Species Boos 

P. Banksiana. 10 

PlCEA GLAUCA. 9, 10 

P. MARIANA. 9, 10 

Gramineak sp . 9 

Betula sp. 9 


in a submerged Nipissing peat bed located near the Apostle Islands, 
in Bayfield County, Wisconsin, a highly complex flora is indicated 
(Wilson, ’35). The peat that was recovered from this deposit does not 
contain the pioneer vegetation comparable to that in the basal levels 
of Bogs 9 and 10. Yet this deposit, because of its location, is known 
to be of Early Nipissing Great Lakes age, and it is definitely known 
that tin* following additional plants were in northern Wisconsin at the 
Nipissing Great Lakes time. 


Poly podi ace a e si*. 
Taxus canadensis 
Larix laricina 
Abies balsamea 
Cyperaceae sp. 
Carex crinita 
Salix sp. 


Alnus sp. 

Quercus sp. 

Acer spicatum 
Ericaceae sp. 

Chamaedaphne calyculata 
Oompositae (four genera) 


If the level half wav from tin* bottom of the Pro-Glacial Lake 
Duluth bogs is to be considered as the beginning of Nipissing Great 
Lakes time, the following vegetation was in existence within the area 
first uncovered bv ice. 


Species 

Bogs 

Species 

Bogs 

Sphagnum sp. 

1 9 i 4 p; 

Betula sp. 

.1,2, 3, 4, 5,6 

Pinus Strobus. 

1,2, 3, 4, 5 

Alnus sp. 

.1,2,3,4,5,6 


P. resinosa. 1, 2,3, 4, 5 

P. Banksiana.1,3, 4,5 

Pice a glauca. 1,2 

P. MARIANA. 1, 2, 3, 4, 5, 6 

Abies balsamea. 2, 3, 5 

Gramineae sp. 5,6 

Salix sp. 2 ,3, 4 


Quercus sp.1,2, 3, 4, 5, 6 

Acer sp. 2,5 

OsTRYA VIRGINIAN A. 2 

Ericaceae sp. 

Chamaedaphne calyculata 


3,4 


5 


Compositak si*.1,2, 3, 4, 5 


The fossils present in the Pro-Glacial Lake Algonquin bogs, Nos. 
7 and 8, one-fourth of the distance from the bottom, are as follows: 
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Species 

Sphagnum sp. 

POLYPODIACEAE Sl* 

Seiw 


SLLA 8ELAOINOIDE8. 


PlNUS Strobus 

P. RESINOSA_ 

P. Banksiana. 


Bogs 

7 

7 

8 
7, 8 
7,8 

7 


Species 

Picea glauca. .. 

P. MARIANA. 

Abies balsamea 

CiltAMINRAK SP. . . 

Saijx SI*. 


BOGS 

8 
7, 8 
8 
8 
8 


The above flora with the addition of the plants previously recorded 
contains all of the important elements of the living flora of Douglas 
County. The indication is therefore that the present flora of Douglas 
County is essentially tin* same as it was in early Nipissing Great Lakes 
time, with the exception of the European element now present, and 
possibly some of the aggressive prairie species. 

A study of the graphs in Figs. 7 and 8 as well as the tables of the 
ten bogs shows that at those levels assigned to early Nipissing Great 
Lakes time the forests were different on the various soil-belts of the 
same age as well as in the areas of different ages. The hardwoods now 
appear to have attained importance in the region exposed since 
Glacial Lake Duluth time. In the sandy loam belt they were probably 
of great(‘i* importance than on the light sandy soils. Upon the area 
formerly covered by the southern part of Glacial Lake Duluth Pinns 
Strobus was probably the most abundant tree and upon the Nipissing 
plain Picea man ana was the pioneer species. Today, there are still 
small areas where this tree is dominant on high ground near the shores 
of Lake Superior. The length of time during which this pioneer forest 
dominated tin* newly exposed soils at each lake stage apparently was 
not long for in practically (‘very bog there is a marked decrease in the 
relative abundance of fossils of Picea a few inches above* the bottom 
deposits. Figure 4 is suggested as a vegetation map for early Nipissing 
(ireat Lakes time. 

The change from the Nipissing (ireat Lakes water level to the 
present Lake Superior level came about very gradually and there ap¬ 
pear to have been no radical changes of the vegetation in Douglas 
County until levels were reached in the bogs that may be comparable 
to late historic time. This change is marked by an increase in the 
Compositae fossils and probably does not antedate the forests as they 
appeared in 1897 (Fig. 5). The marked rise in the Compositae fossils 
may have been in response to the extensive lumbering operations and 
fires which resulted in denuding the county of forests and in the un¬ 
covering of the soils. Upon these a prairie vegetation has intruded, 
and some early stages of plant succession have once again started. 


I 
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Uhodora 


April 


An examination of the graphs of Fic. 7 usually shows two levels in 
the bogs where Piero is of marked importance. These are, first, at 
the bottom of the deposit and,.second, at or near the top. A climatic 
significance has been attributed to this type of curve by some authors, 
but such a curve is also easily explained by a local succession of trees 
upon the bogs. It has been shown that the first forests upon the 
various soils of Douglas County were of Pier a and the absence of 


other species of trees easily explains the dominance of Piero fossils 


in the basal levels of each deposit. With tin 1 appearance of other 
species in the region the relative abundance of Piero fossils would 
become less. Then as the lake or pond, in which organic sediments 
were accumulating, matured to a stage where a Sphagnum mat began 
to encroach upon the water area, Piero again would become an import¬ 
ant tree, this time as a pioneer upon the organic soils of the bog. The 
association of Piero and Sphagnum is clearly shown by a corresponding 
increase in tin* microfossils of these species near tin* top of the deposit 
(see tables). In a study of linmic and subiierial jieat in one bog (Wil¬ 
son and Galloway, ’.‘(7) the second rise in Piero was found to be con¬ 
temporaneous with the transition of the peat from linmic to subiierial. 
In several of tlx* peat deposits a second drop in the Piero curve is 
evident and this might be taken to indicate that the peat itself has 
undergone modification, such as oxidation, and trees from the upland 
have become established upon tin 



There' is also another 
possibility for such a drop. This is a denudation of tlx* bog by fire 
and an earlier deciduous tree recovery on the upland. 

If the several forest trees, which have fossil representation in the 
peat sections and are indices to the stages of forest succession, are 
listed as to their relative distance from the surface of each bog where 
they first reached an important or maximum microfossil percentage, 
the following very interesting table will be constructed. 


A Comparison of the Relative Deith in per cent from the Top ok each 

Boo where certain Fossil Tree Pollens first 

ATTAINED MARKED ABUNDANCE 


S/Heirs 


Pro-Glacial Lake Duluth Origin 


Pro-Glacial Pro- Ni/risning 
Lake Algonquin Great Lakes 

(iriain (trigin 



Bog 

Bog 

Bog 

Bog 

Bog 

Bog 

Bog 

Bog 

Bog 

Bog 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

OSTRYA... 


.43 









Tilia 

.37 


.43 

.00 






.IK) 

Quercus. . 

.54 

.43 

. 59 

. 77 

.41 

.85 

.60 

.00 

. 57 


Acer. 

.62 

.92 



.88 

.40 


. 66 

.57 


Pinus. 

.87 

.87 

.87 

.88 

.88 

. 92 

too 

.79 

.71 

.91 

PlCEA. 

100 

1(M) 

100 

100 

100 

100 

ion 

100 

100 

100 
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It will he noted in the table that the maximum of Pina is in the 
basal levels of all the bogs studied, and that next in order, Prnus 
appears in abundance at almost a uniform level. There is particularly 
a marked similarity in the occurrence of Pinus in the bogs of Pro¬ 
vincial Lake Duluth origin. The basal occurrence of the Punis maxi¬ 
mum in Bog 7 can be explained by the geographic location of the 
deposit. This has been discussed. The first abundance of the other 
tree fossils also shows marked similarity in their relative stratigraphic 
appearance regardless of their ages. Such a similarity of appearance 
might be considered to indicate that there were but brief intervals 
between the lake stages and that the vegetation did not make a 
general invasion into the region until near the beginning of the 
Xipissing Great Lakes. This is necessarily discounted by the great 
amount of shore work accomplished by each of the glacial lakes, in¬ 
dicating great lapses of time between the stages, by tin* sharp con¬ 
tacts of peat and clay soils in Bogs 3 and 4, and by evidence which tin* 
fossil logs discovered at Solon Springs present as to the proximity of 
the vegetation to the Mankato Ice border. Instead, the great simi¬ 
larity of appearance may further demonstrate tin* order and uniform- 

itv of the Pice a, Pinus, and hardwood forest succession on the soils of 

|/ / ’ 

different ages in I 'ouglas County, Wisconsin. 


Summary 

1. In ten j)eat bogs of Douglas County, Wisconsin, the microfossil 
succession has been studied. 

2. The bogs were selected with reference to the shorelines of Glacial 
bakes Duluth and Algonquin, and the Nipissing Great bakes in order 
that a comparison of their fossil spectra could be made and the vegeta- 
tional history of the region might be determined. 

3. A survey of the present vegetation of Douglas County shows that 
it is definitely related in its distribution to the soils of the county. 

4. Comparative studies of the fossil sj>ectra under discussion indicate 
that upon each area of land that was progressively uncovered by the 
waters of the glacial lakes there developed a pioneer forest of Piceu. The 
subsequent vegetational development upon these areas appears to have 
been in response to the soils. 

.”). The general plant succession suggested bv the microfossil studies on 
the heavier soils of the county appears to have been (1) Picen, (2) Pinus 
forest, (3) hardwood forests, and (4) mixed second growth hardwood 
forests with an additional important Compositae element. The general 
floral succession on the lighter sandy soils appears to have been (I) Piceu 
and Pinus Banksiana forest, (2) Pinus resinosa, P. Banksiana , and 
Quercus ellipsoidalis forest, and (3) a second growth Pinus Banksiana 
and prairie vegetation. 

(i. Changes in certain pollen percentages in the spectra may also be ex¬ 
plained upon the basis of some local ecological factor other than climate. 
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NOTES ON THE LOBELIAS IN THE HERBARIUM 

OF STEPHEN ELLIOTT 


Rogers McVaugh 

While in Charleston, South Carolina, in June 1937, the writer had 

the opportunity, through the kindness of Mrs. Frances Barrington 

- , 1 , 

and Mr. Robert Lunz, Jr., of the stall” of the Charleston Museum, to 
examine the lobelias in the herbarium of Stephen Elliott. The 
Elliott collection was of special interest because of the uncertain ap¬ 
plication of the names of several Lobelias mentioned in the “Sketch.” 1 


U 



anioenu Mich., 


ft U 


Lobelia Clagtoniaua Mich.,” “ Lobelia 


jiaberula Mich.” and “ Lobelia pallida Muhl.” arc all included by 
Elliott, and, as type material of these species has so far not been found, 
it was thought his herbarium, being nearly contemporaneous with 
those of Michaux and Muhlenberg, might throw some light upon the 
identities of the above species. It was hoped to discover also the 
identity of L. puberula var. glabella Elliott. 2 

The collection now contains sixteen specimens of the genus Lobelia, 
all from the United States. Following is the complete list: 

1. L. Cardinalis L. No data with specimen. 

2. L. siphilitica L. No data with specimen. 

3. L. elongata Small. Labelled “ L. anioenaf Mich.” and “ I lab. 

in humidis.” 

4. L. glandulosa Walt. Labelled “in humidis” and with what is 
apparently a corruption of Michaux’s L. crassiuscula. 

5. L. puberula Michx. Labelled “ L. puberula Mich.” and “hah. 
in humidis.” 

(>. L. spic'ata Lam., var. leptostachys (A.DC.) Mack. & Bush. 
Two specimens: one labelled “Carol. Sept. Dr. Schweinitz” and with 
an unpublished name credited to Schreber; the other labell<‘d 
Claytoniana; hah. juxta Columbian!, S. C., Mr. Herbemont.” 


L. 




* *1 • 


‘I 


1 Elliott, S 
vols. Charleston, 1816 - 1 S 24 . 
- Elliott, op. cit. 1 : 2 f> 7 . 


A Sketch of the Botany of South Carolina and (icontfa 









